I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Osteonecrosis of the femoral head (ONFH) is caused by inadequate blood supply leading to death of the osteocytes. Subsequently it progresses to collapse of the femoral head and advanced joint destruction. ONFH thus leads to significant disability in the most productive years of life and is one of the common causes of hip arthroplasty in young individuals. Both traumatic and nontraumatic etiologies have been described for ONFH. The common causes include corticosteroid medications, fractures and dislocations of hip joint and chronic alcohol intake. In about 30% patients, it is idiopathic \[[Table 1](#T1){ref-type="table"}\]. Bilateral presentation is frequently seen and males are more commonly affected.[@ref1] Contralateral hip may be affected in about 55% of the patients within 2 years.[@ref2] About 75% of patients with other sites of involvement will have concurrent ONFH.[@ref3]

###### 

Common etiologies of avascular necrosis of the femoral head

![](IJOrtho-49-28-g001)

At an early-stage of ONFH, the hip joint is painless. However, it becomes painful and there is limitation of hip range of movement with advancement of disease. Multiple diagnostic and treatment modalities have been described for ONFH but none of them are completely accurate and effective. Earliest X-ray findings of ONFH take at least 2 months to develop, but may take as long as 6 months. Sclerosis and cystic changes are early radiographical changes. With progression of disease, there is asphericity of femoral head (femoral head collapse) and joint space reduction (secondary arthritis). Magnetic resonance imaging (MRI) is the most sensitive diagnostic modality for ONFH. MRI has sensitivity of 90-100% and specificity of 100% in diagnosis of avascular necrosis (AVN).[@ref4] It is also useful for early detection of asymptomatic AVN.[@ref5] The characteristic appearance of the infarcted area is a hypo-dense on T1 image surrounded by a single hypo-dense line separating normal and osteonecrotic bone. T2 image shows another line within this line representing increased vascularity in granulation tissue. The appearance of the interface is more important in the diagnosis, and the density of the necrotic central part will change with the change in fat content due to death of adipocytes and appearance of reparative tissue. MRI can help in identifying patients at risk of collapse of the femoral head. Presence of bone marrow edema, increased fat content in the proximal femur and joint effusion on MRI are important prognostic factors. Dynamic MRI may be the future investigation for early prediction of vascular insult to femoral head.[@ref6][@ref7] Altered hemodynamic changes in the vascular phase of bone scintigraphy may be seen as early as first 24 h of vascular insult. Classical finding is increased uptake in the reparative interface where vascular tissue is invading the dead bone, and new bone is depositing. This surrounds the area of increased uptake by the dead trabeculae. Bone scan will thus detect the lesion before conventional radiograph. It is also helpful to detect disease at multiple sites in the skeleton. Most commonly used isotope is Tc-99m. Studies have shown that bone scintigraphy of the hip has lower resolution and sensitivity in the diagnosis of osteonecrosis compared to MRI.[@ref8][@ref9] Disadvantages include radiation exposure, poor morphometric details and expertise needed for interpretation. It is less useful than MRI in ruling out other differential diagnosis for osteonecrosis. It has the advantage in patients where MRI may not be feasible, such as, cardiac pacemakers, intracranial clips and claustrophobia.

There are many classification systems that describe the clinical and radiological severity/progression of ONFH. The Ficat and Arlet-staging system is still one of the most commonly used systems \[[Table 2](#T2){ref-type="table"}\]. It is based on radiological findings, but does not consider the extent of necrosis.[@ref10] Quantification of the size of the lesion is helpful in predicting the collapse of the femoral head. Kerboul *et al*.[@ref11] estimated the extent of necrosis radiographically in the early-stages by measuring the sum of arc of area of the femoral head involved on anteroposterior and lateral radiographs. Clinical outcomes were better if this value was \<200°. These measurements have also been obtained on mid-sagittal and mid-coronal MRI scans and is useful in predicting outcomes.[@ref12] Steinberg *et al*.[@ref13] added quantification of femoral head involvement to the classification system, but could not gain wide popularity as it was difficult to apply. The Association Research Circulation Osseous (ARCO) system of classification incorporated features of both the Ficat and Arlet system and the Steinberg classification \[[Table 3](#T3){ref-type="table"}\].[@ref5]

###### 

Ficat and Arlet classification of femoral head osteonecrosis
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###### 

ARCO classification of femoral head osteonecrosis
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The natural history of ONFH is a progression to subchondral fracture leading to femoral head collapse and secondary osteoarthritis.[@ref1][@ref2] Accordingly, the treatment can be broadly categorized into two types; treatment in the precollapsed or early collapsed stage \<2 mm and treatment after advanced collapse or osteoarthritis of hip joint. Numerous nonoperative treatment modalities and hip preserving surgical procedures have been described for precollapsed and early collapsed stage. Once joint collapse occurs or degeneration starts, the treatment for joint preservation becomes more complex and outcome is poor. This review will discuss the current evidences for treatment of ONFH.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

A Pubmed/Medline search was conducted (between January 1^st^ 1980 and June 30^th^, 2014) to identify all randomized control trial, meta-analysis, systematic reviews, prospective and retrospective studies published on the treatment of ONFH. The MeSH terms used in different combinations were "AVN, ON, nonoperative treatment, bisphosphonate, extracorporeal shock wave therapy (ESWT), electromagnetic therapy, hyperbaric oxygen, core decompression (CD), stem cell, bone-graft, tantalum rod, osteotomy, arthroplasty." The searches were limited to English language and human species. The references of these studies and systematic reviews were also searched for inclusion of other relevant studies in this review.

R[ESULT]{.smallcaps} {#sec1-3}
====================

Number of articles retrieved with the above search strategy has been mentioned in [Table 4](#T4){ref-type="table"}. In total 157 studies were reviewed, and a consensus of treatment was planned.

###### 

Search strategy of pubmed and extracted articles for review
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(A) Nonoperative treatment {#sec2-1}
--------------------------

Nonoperative management of ONFH includes restricted weight-bearing, pharmacological agents and biophysical modalities of treatment.[@ref7] The goal of drug treatment in the precollapsed stage is to improve hip function, provide pain relief, prevent radiographic progression to subchondral fracture and collapse, and allow healing of the necrotic lesions.[@ref14][@ref15][@ref16]

Nonweight bearing {#sec2-2}
-----------------

Restricted weight-bearing using cane, crutches or a walker is effective in early-stages ON hip (Ficat and Arlet Stage-I and II) when the osteonecrotic lesion is \<15% and located far from the weight-bearing dome (medial lesions).[@ref16] Mont *et al*.[@ref17] reviewed 21 studies (*n* = 819 patients) based on restricted weight-bearing treatment and observed satisfactory clinical result (no further surgery) in 22% patients after 34 months. Radiological progression was seen in 74% patients. There was no difference in outcomes among patients following full, partial, and nonweight-bearing regimens in the study. In a systematic review (level II evidence), Mont *et al*.[@ref18] again reported that 59% (394 of 664 hips) of asymptomatic hips had onset of symptoms or disease progression to collapse after 7 years (range, 0.2-20 years). The investigators reported increased risk of collapse in sickle cell disease (73%; 29 of 40 hips) and minimal risk of collapse in systemic lupus erythematous (SLE) (17%; 10 of 59 hips). 32% patients with small or medium-sized lesions (\<50% of head involvement) progressed to symptoms or collapse, whereas large lesions had 84% of chance of progression. It was stressed that progression to advanced-stage depends largely on location, size of the lesion and etiology. Small size lesion may show spontaneous regression.[@ref19] In 21^st^ century, this modality of treatment cannot be accepted as a standard isolated modality of treatment and may be an additive treatment to medical or surgical management.

Bisphosphonates {#sec2-3}
---------------

Bisphosphonate inhibits the osteclastic activity in the osteonecrotic lesion site and thus promotes bone healing. It prevents the onset of subchondral fracture or collapse in early ON hip, and in advanced conditions when already collapse has occurred it delays the need of total hip replacement (THR) surgery.[@ref20][@ref21][@ref22][@ref23][@ref24][@ref25][@ref26][@ref27][@ref28][@ref29][@ref30] Agarwala *et al*. have reported the benefits of alendronate (10 mg/day or 70 mg/week) in ON hip at \<1-year, 4 years and 10 years followup.[@ref20][@ref21][@ref22] At an average followup of 4 years, Agarwala *et al*.[@ref21] reported radiographic progression to collapse in 12.6% (27 of 215 hips) of hips in Stage-I and 55.8% (72 of 129 hips) of hips in Stage-II (Ficat and Arlet). Over all radiological progression was seen in 46% (99 of 215) of hips in Stage-I, 54% (70 of 129) of Stage-II hips and 20% (10 of 51) of Stage-III hips. The proportions of hips requiring THR were 2%, 8% and 33% for Staged-I, -II and -III ONFH respectively compared with 65%, 69% and 87% respectively as reported by Mont and Hungerford in untreated hips.[@ref31] Agarwala and Saha[@ref22] in a recent publication of 53 hips (in 40 patients) at 10 year followup reported a 29% collapse rate in the precollapse-stage of ON (10 of 34 hips) following 3 years of continuous alendronate use at 70 mg weekly. The investigators thus concluded that the natural history of untreated ON with more than 70% collapse rate was favorably altered with alendronate use.

In level II, prospective comparative study Nishii *et al*.[@ref23] also found the lower rate of collapse and lesser hip pain after 1-year in ON hip patients receiving alendronate (14 patients with 20 hips, 5 mg daily for 1-year) than patients not receiving alendronate.

Lai *et al*.[@ref24] reported similar efficacy of alendronate in the treatment of nontraumatic ON hip at early-stages (Steinberg Stage-II or III). In a randomized control trial, the authors reported 2 of 29 hip collapse in the alendronate group and 19 of 25 hip collapse in the control group (no treatment or placebo) at 2 years. Radiographic progression was observed in 14% patients in the treatment group compared with 80% in the placebo group. One hip in the alendronate group underwent total hip arthroplasty (THA), whereas 16 hips in the control group needed THA (*P* \< 0.001).

A recent report by Chen *et al*.[@ref25] provided conflicting evidence about bisphosphonate treatment in ONFH. In this prospective, randomized, double-blinded, placebo-controlled trial (level I evidence), there were 65 hips in Stage-IIC and IIIC (University of Pennsylvania classification). They did not notice any significant difference in radiographic disease progression, quality-of-life improvement, and prevention of THA between the alendronate and the placebo groups after 2 years. However, the investigators thought that the study was underpowered to detect statistical significance despite a numerical reduction in the rate of disease progression (61% vs. 66%) and THA conversion (12.5% vs. 15.2%) in the alendronate group.

Even though the efficacy of alendronate is proven in early-stages ONFH, the doses required and duration of therapy is yet to be clearly established. There are reports of jaw necrosis and subtrochanteric fractures with the longterm use of bisphosphonate.[@ref20][@ref21][@ref22][@ref23][@ref24][@ref25][@ref26][@ref27][@ref28][@ref29][@ref30] Most of the studies on the efficacy of this drug in ONFH are underpowered and without the control group. With these limitations and potential side effects, the surgical treatment is still favored.[@ref32] With the current evidence, alendronate in ONFH patients can be used in a dose of 70 mg weekly for 3 years in Stage-I, II and III (Steinberg classification).[@ref20][@ref21][@ref22][@ref23][@ref24][@ref25][@ref26][@ref27][@ref28][@ref29][@ref30][@ref32]

Anticoagulants, statins and other vasodilators {#sec2-4}
----------------------------------------------

Hypofibrinolysis and thrombophilia leading to venous stasis and reduced arterial flow, thus causing increased intraosseous pressure and hypoxic bone death have been postulated as a major and common etiological factor for ON.[@ref33][@ref34] Systemic anticoagulation therapy started before irreversible segmental collapse of the femur head may arrest or, speculatively, sometimes reverse the process of ischemic ON.[@ref32][@ref33][@ref34][@ref35] In a prospective study, Glueck *et al*.[@ref35] reported outcome of enoxaparin therapy in Ficat Stage-I or II ON hip after 2 years (mean 3 years, range, 2-4 years) of followup. But they included patients of ON hip with either hypofibinolytic or thrombophilic or combined disorders. They observed 95% of hips (19 of 20 hips) with primary ON and 20% (3 of 15 hips) of patients with secondary ON (secondary to corticosteroid use) with no progression of the disease after enoxaparin treatment (60 mg/day for 3 months). In another recent retrospective study of 36 patients with bilateral idiopathic ON having at least one hip in the precollapsed stage (Ficat and Arlet Stage-I and II), Chotanaphuti *et al*.[@ref36] observed no evidence of radiographic progression (*P* = 0.042) in 57.7% (15 of 26 hips) of hips in patients receiving enoxaparin therapy (6000 units 3 months) compared to 21.7% (5 of 23 hips) of hips in patients not receiving any treatment at the end 2 years. Only 7 patients (14 hips, 38.9%) had coagulation disorder in the enoxaparin group compared with 5 patients (10 hips, 27.8%) in the control group. Anticoagulant therapy has shown clear benefit in these two small studies[@ref35][@ref36] and has prevented the progression of ON from precollapsed stage to advanced-stage in idiopathic ON and/or corticosteroid-induced ON.

Lipid lowering agents are also helpful in ONFH particularly in steroid-induced ON.[@ref37] Steroid causes hyperlipidemia which increases the fat content of the femoral head also.[@ref37][@ref38] It increases intracortical pressure and lead to sinusoidal collapse and osteonecrosis. Statins are lipid-clearing agents that dramatically reduce lipid levels in blood and tissues. Pritchett[@ref39] reported that after mean followup of 7.5 years, only 1% of patients taking high-doses of corticosteroids and statin drugs developed ONFH whereas the prevalence was 3-20% in patients receiving high-dose corticosteroids without statins. But Ajmal *et al*.[@ref40] did not find any significant reduction in ON between patients taking steroid and statin versus steroid without statin (4.4% vs. 7%). Further, large randomized studies are needed to establish its efficacy in ONFH. Another vasodilator named Iloprost (a prostacyclin derivative) has also shown benefit after 1-year treatment in patients of osteonecrosis and bone marrow edema.[@ref41] Recently adrenocorticotropic hormone has also shown protection against ONFH induced by steroid. The proposed mechanism of action of this drug is based on enhancement of osteoblastic activity and stimulation of vascular endothelial growth factor that enhance neovascularization in the femoral head.[@ref42] These drugs are still under trial and need larger study for regular use as a prophylactic agent.

Extracorporeal shock wave therapy {#sec2-5}
---------------------------------

The exact mechanism how ESWT benefits in ONFH remains unknown. However, researchers believe that it enhances neovascularization by stimulating the expression of angiogenic growth factors.[@ref26][@ref28][@ref43][@ref44][@ref45][@ref46][@ref47][@ref48][@ref49] In a randomized clinical trial, Wang *et al*.[@ref44] compared ESWT (one episode of ESWT therapy, 23 patients with 29 hips) to CD with nonvascularized fibular grafting (VFG) (25 patients with 29 hips) in early-stages of ONFH. There was a significant improvement (*P* \< 0.001) in pain, as well as hip function (Harris hip score HHS) and a nonsignificant (*P* = 0.04), but definite decrease in lesion size in ESWT group compared to CD and fibular graft group at the end of 2 years. 79% of patients in ESWT group improved whereas only 29% patients had improvement in bone-grafting group. The same investigators[@ref46] reported the long term outcome (mean, 8.5 years; range, 7.7-8.8 years) of the above two groups of patients. They reported that patients with ESWT had significantly better clinical outcomes (pain score and HHS, 76% vs. 21% good or fair; *P* \< 0.001) and decreased need for THA (24% vs. 64%; *P* 5.002) compared with the surgery group. MRI also revealed significant decrease in lesion size and bone marrow edema in ESWT group compared to the surgery group (*P* \< 0.05).

In another randomized clinical study, Wang *et al*. compared ESWT alone (25 patients, 30 hips) to combined ESWT and alendronate therapy (ESWT followed by alendronate 70 mg/week for 1-year, 23 patients, 30 hips). There was significant but statistically similar improvement in pain, function and lesion size in both the groups at the end of 1-year. The authors concluded that the addition of alendronate to ESWT did not provide additional benefit.[@ref30]

Ludwig *et al*.[@ref47] (*n* = 22 patients) reported significant improvement in pain (visual analogue score VAS 8.5 to 1.2), function (HHS 43.3-92) and lesion size (size decreased or healed in 10 of 14 successfully treated patients) after 1-year of ESWT in ARCO Stage-I to Stage-III ONFH. Hsu *et al*.,[@ref28] in a prospective randomized study of 98 early ON hips compared the ESWT to a cocktail regimen consisting of ESWT, hyperbaric oxygen, and alendronate. At 2 years followup (range, 1.5-4 years), the overall results (clinical, radiograph and MRI) showed 74% improved, 16% unchanged and 10% worsened in cocktail group; and 79.2% improved, 10.4% unchanged and 10.4% worsened in ESWT group (*P* = 0.717). THR was performed for 10% of cocktail group and 10.4% of ESWT group (*P* = 0.946). MRI showed a significant reduction in bone marrow edema and a trend of decrease in the size of the lesions in both groups, however, no difference was noted between the two groups. Wang *et al*.[@ref48] in a randomized trial of 55 hips with ARCO Stage-I to III ON reported no significant difference in pain (*P* = 5 0.4), hip function (*P* = 5 0.1), and the need for THA (*P* = 5 0.8) with ESWT (6000 impulses at 28 kV at each session) in patients with SLE and a non- SLE control group at minimum of 2 years' followup.

Vulpiani *et al*.[@ref49] evaluated the outcome of ESWT in early-stages ONFH (ARCO I to III). At 1-and 2 years followup, all 10 patients (100%) in Stage-I, 9 of 11 patients (81.8%) in Stage-II and 4 of 15 patients (26.7%) in Stage-III reported excellent or good results on Roles and Maudsley score. Patients from ARCO Stage-I group and Stage-II group achieved significantly better results (pain, HHS and Roles and Maudsley score) than patients from ARCO Stage-III group (*P* \< 0.005). Within 2 years, 10 of the 15-II ON hip needed arthroplasty. ARCO Stages I and II lesions were unchanged on radiographs and on MRI. They concluded that ESWT in ARCO Stages I and II slows down the worsening of the grade of the ONFH and improve clinical features. Short followup and small studies on ESWT are the major limitations for its restricted use.

Pulsed electromagnetic therapy {#sec2-6}
------------------------------

Pulsed electromagnetic therapy is thought to favorably affect early-stage ON through stimulation of osteogenesis and angiogenesis similar to ESWT.[@ref26][@ref50][@ref51][@ref52][@ref53][@ref54][@ref55][@ref56] Massari *et al*.,[@ref55] 37 in their retrospective analysis of 76 hips treated with electromagnetic field stimulation in Ficat Stage-I to III, reported that the 94% of hips in Stage-I and II avoided the need for THA with a significantly higher proportion of hips in Stage-III progressing to THA at a mean followup of 2 years. At present, evidence in favor of electromagnetic stimulation is limited and further research is needed to explore its potential role in early-stage ON.

Hyperbaric oxygen {#sec2-7}
-----------------

Hyperbaric oxygen improves oxygenation, reduces edema by causing vasoconstriction, and induces angioneogenesis; thus causing a reduction in intra osseous pressure and improvement in microcirculation.[@ref28][@ref29][@ref57][@ref58][@ref59] Reis *et al*.,[@ref57] observed normal MRI in 13 hips after hyperbaric oxygen treatment (100% oxygen at 2-2.4 atmospheric pressure for 90 min by mask for 100 days) to 12 patients with 16 ONFH, all with Steinberg stage 1 disease. Camporesi *et al*.[@ref58] also reported clinical improvement at followup of 7 years in the study of 19 patients randomized to receive 30 treatment doses of either hyperbaric oxygen or hyperbaric air for a total period of 6 weeks. None of the hyperbaric oxygen group patients needed THA till the time of final followup. Because of limited data, the use of hyperbaric oxygen in ONFH is controversial.

(B) Operative treatment {#sec2-8}
-----------------------

Surgical treatment for precollapsed stage ONFH involves hip preserving procedures (CD, nonvascularized bone-graft, vascularized bone-graft) whereas prosthetic hip surgery is reserved for advanced-stage of collapse and arthritic hip.

Core decompression {#sec2-9}
------------------

Core decompression is the most commonly performed surgical procedure for treatment of early ONFH. It decreases the intraosseous pressure in the femoral head and increases blood flow to the necrotic area, thus augmenting neobone formation \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. It has been considered as the only cost-effective surgical procedure for ONFH,[@ref60][@ref61] but the success of the treatment is largely dependent on the etiology and radiographic parameters such as lesion size, location or collapse of the lesion.[@ref62][@ref63] The overall success rate as defined by the need for further surgery has varied between 40% and 80% across multiple studies at 2-7 year followup.[@ref60][@ref61][@ref62][@ref63][@ref64][@ref65][@ref66][@ref67][@ref68][@ref69] Conventional core decompression (CD) was performed using 8-10 mm cannula or trephine which had the potential risk of subtrochanteric fracture and hip joint penetration.

![Radiograph of pelvis with both hip joints anteroposterior view showing a bilateral idiopathic osteonecrosis of hip in early stage](IJOrtho-49-28-g005){#F1}

![Magnetic resonance imaging of the same patient demonstrates edema inside femoral head as well as effusion in the hip joint (a-preoperative) and, after 1-year of core decompression the lesion has diminished in size, the edema has subsided and hip joint effusion is resolved (b-postoperative 1-year)](IJOrtho-49-28-g006){#F2}

But the technique of CD has improved overtime.[@ref66][@ref67] The procedure of CD by multiple small drillings was presented in the annual ARCO meeting by Kim *et al*., in 2004.[@ref65] They compared the results of the efficacy of two decompressive methods (multiple drilling MD vs. conventional CD) for the treatment of precollapse ONFH in a consecutive series of 54 patients. They reported that radiographically and clinically, high failure was significantly related to the larger size and laterally located lesion in both groups. The average preoperative and the last HHS was 73.7-86.7 in single CD and 74.6-87.0 in MD. The group who had undergone MD had significantly longer time before the collapse (mean 42.3 months vs. 22.6 months, *P* = 0.011) and the lower rate of collapse within 3 years after operation (55.0% vs. 85.7%). In a systematic review, Marker *et al*.[@ref67] compared the outcome of recent technique of CD to that of old conventional technique. Recent technique of CD had a better result than old conventional technique. There were 1337 hips treated before 1992 and 1268 hips between 1992 and 2007. The proportion of patients surviving without additional surgery increased (*P* \< 0.001) from 59% (range, 29-85%) in the earlier studies to 70% (range, 39-100%) in the more recent reports. Similarly, the radiographic success also increased (*P* = 0.027) from 56% (range, 0-94%) for the pre-1992 cohort to 63% (range, 22-90%). Stratification by Ficat stage showed there were fewer (*P* \< 0.001) patients who were Ficat stage III after 1992. CD thus is an effective procedure for early ONFH mainly in Ficat stage I and II. Recent technique of CD involves MD of the necrotic lesion of femur head which is an easy, simple and safe procedure. A recent study by Al Omran[@ref68] also reported similar observation as noted by Marker *et al*. in their review. In his series 61 patients underwent a classical 8 mm drilling and 33 patients underwent 3.2 mm diameter MD. They observed significant improvement in outcome in both groups of patients, but there was no difference in the outcome between the groups at the end of 2 years (100% improvement in pain and HHS of Ficat stage I patients both groups *n* = 19, 80% in CD vs. 78% in MD group had better pain and HHS in Stage-IIA *n* = 39, 52% in CD and 52.8% MD had improved pain and HHS in Stage-IIB *n* = 36). In a retrospective study, Song *et al*.[@ref69] reported the outcome of MD in 163 hips as a treatment for Ficat stage I to III ON. They reported clinical success (defined as HHS \>75 and no need of additional surgery) in 79% (31 of 39 hips) of Stage-I hips and 77% (62 of 89 hips) of Stage-II hips. 88% (52 of 59 hips) hips with small to medium-sized lesions required no additional surgical procedure at a mean followup of 7.2 years (range, 5-11.2 years).

Mont *et al*.[@ref66] reported 71% successful outcome (32 of 45 hips) following MD (2-3 perforations) with 3 mm steinmann pin. They observed better outcome in small and medium size lesions of Stage-I compared with large lesions and Stage-II disease. Current recommendation is that CD should be performed with 3.2 mm drill bit with multiple perforation (at least 3). This is an established modality of treatment for early-stage ONFH. This procedure can be safely performed under image intensifier with percutaneous method with minimal risk of subtrochanteric fracture or inadvertent hip joint penetration \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].

Mesenchymal stem cells implantation or growth factor based treatment strategies {#sec2-10}
-------------------------------------------------------------------------------

To augment osseous regeneration in the necrotic lesion site, the applications of osteogenic or angiogenic precursor cells with or without growth factor is an alluring possibility. Adult tissue derived mesenchymal stem cells (MSCs) application represents a highly promising option for treatment of ONFH in the precollpased stage \[[Figure 3](#F3){ref-type="fig"}\].[@ref70] Many researchers have documented decreased quantity of endothelial progenitor cells and colony forming units in patients suffering from ONFH.[@ref71][@ref72] Besides that, there is impaired migratory capacity of endothelial progenitor cells and increased cellular senescence resulting in decreased angiogenesis in patients of ONFH.[@ref70] All these reasons justify the potential role of stem cells or growth factors in treatment of precollapsed ONFH. MSCs implantation has capability to differentiate into multiple cell lineages including the osteoblast, chondrocytes and adipocytes. This property of stem cells has been observed in an experimental dog model while evaluating its effect in ON.[@ref73] However, the efficacy of stem cells in healing ON lesion is because of the osteoblastic differentiation ability or secondary to release of growth factors or cytokines remains unclear. In addition, augmentation of neovascularization or angiogenesis property of stem cells have been described by many researchers which ascribes another reason for its potential role in the treatment of ON.

![(a) Plain x-ray anteroposterior view of left hip in a 32-year old young patient showing posttraumatic AVN in its early stage (b) MRI of both hips showing early avascular changes (c) Intraopartaive photographs demonstrating core decompression and (d) bone marrow concentrate instillation inside the core tract. (e) After 15 months, the necrotic lesion has completely healed](IJOrtho-49-28-g007){#F3}

Mesenchymal stem cells can be implanted either as bone marrow concentrate mononuclear cells \[Figure [3c](#F3){ref-type="fig"} and [d](#F3){ref-type="fig"}\] or *ex vivo* culture expanded bone marrow-derived stem cells.[@ref70] Application of stem cells in ONFH was pioneered by Hernigou *et al*.[@ref74][@ref75][@ref76] The authors injected the mononuclear cells fractions of the bone marrow aspirate from the iliac crest and injected into the necrotic area. Nine out of 145 patients with early-stage ONFH (Steinberg stage I or II) and 25 out of 45 patients with advanced ONFH (Steinberg stage III or IV) required THR.[@ref62] Subsequently Gangji *et al*.,[@ref77][@ref78] Yan *et al*.[@ref79] and Deltro *et al*.[@ref80] also proved the safety and efficacy of MSCs in ONFH.

In a prospective, randomized and double blind trial, Gangji *et al*.[@ref81] reported the outcome of isolated CD and the autologous bone marrow implantation at followup of 5 years. In 24 ON hips at ARCO Stage-I and II, they observed significant improvement in pain and lower rate radiographic progression in bone marrow implantation patients (23%, 3 of 13 hips) compared to CD cohort (73%, 8 of 11 hips). However, they did not notice a significant difference in both the groups in terms of the need of subsequent THA (15% in bone marrow implantation group vs. 27% in CD). A retrospective study by Liu *et al*.[@ref82] reported the outcome of CD and hydroxyapatite/polyamide implantation with or without bone marrow MSCs implantation. At the end of 2 years, they observed better-clinical success (HHS and pain score) and radiographic improvement in stem cells group. 21.4% (6 of 28 hips) of ON hips in bone marrow group collapsed compared to 59.3% (16 of 27 hips) in CD group. In another comparative prospective randomized study, Zhao *et al*.[@ref83] reported significantly lower radiographic progression to collapse in the bone marrow group (23%, 10 of 44 hips) than the CD (4%, 2 of 53 hips) group at 5 years followup in ARCO Stage-I and II ONFH. Within each stage of disease, the author reported significant improvement in HHS and radiographic necrotic volume in the bone marrow group compared to CD (*P* \< 0.05). Sen *et al*.,[@ref84] in a recent randomized control trial of 51 hips with ARCO Stage-I and II ON comparing CD with a bone marrow mononuclear cell instillation, reported significant improvement in pain, deformity, and hip survival in the bone marrow concentrate (*P* \< 0.05) group after 2 years.

The efficacy of *ex vivo* expanded autologous bone marrow-derived stem cells have been studied in few small studies.[@ref85][@ref86] Kawate *et al*.[@ref85] reported the outcome of VFG combined with a synthetic β-TCP ceramic and cultured bone marrow-derived MSCs in 3 patients with advanced-stages of steroid-induced ONFH (Steinberg stage III or IV). There was no progression in any patients within 34 month followup. Noth *et al*. also observed promising result with similar treatment.[@ref87]

The growth factors secreted by osteogenic cells, platelets, and inflammatory cells (bone morphogenetic proteins BMPs, insulin-like growth factor-1 and -2, transforming growth factor-β1 (TGF-β1), platelet-derived growth factor, and fibroblast growth factor-2) are functionally involved in bone healing.[@ref70] Lieberman *et al*.[@ref88] treated 15 patients (17 hip joints at Ficat stage II or III) with CD and allogenic, antigen-extracted, autolyzed fibula grafts, combined with 50 mg of recombinant human BMP-2 and noncollagenous protein. Radiographic progression of the disease was prevented in 14 of 17 hips at an average of 53 months (range, 26.94 months). Only one of 15 hips, that were classified as Ficat stage IIA developed collapse. The other two hips that progressed already had collapse of the femoral head before the procedure.

Mont *et al*.[@ref89] used a triphasic bone substitute consisting of demineralized bone matrix, processed allograft bone chips, and a thermoplastic carrier plus the addition of BMP-7 for ONFH in 19 patients (21 hips). A successful clinical outcome (HHS \>80) was observed in 86% percent at mean followup of 48 months. In another retrospective study, Seyler *et al*.[@ref90] used autologous, nonvascularized bone-grafts loaded with BMP-7. There were 33 patients (39 hips: 22 at Ficat stage II and 17 at Ficat stage III) with ONFH. At the mean time of 36 months, only four of 22 Ficat stage II hips and 11 of 17 Ficat stage III hips needed THR. In several other animal models, the efficacy of BMP-2, BMP-7 and 14 have been evaluated in ONFH. However, the studies on the efficacy of growth factors are still in its preliminary stage. Lack of the control group, small patient numbers and short duration of followup are the major limitations to consider these treatments as a definite modality of management.

The regenerative medicine also widens its application in ONFH in all its stages. Few researchers have used cartilage regenerative technique such as osetochondral graft implantation, mosaicplasty, autologus chondroctes transplantation and acellular matrix application for treatment of ONFH in its advanced-stage (Ficat III and IV, ARCO III and IV).[@ref91][@ref92][@ref93][@ref94] Gagala *et al*.[@ref95] recently reported the outcome of autologous osteochondral transfer in ONFH of 20 patients with 21 hips. Seven patients with ARCO IIA and IIB were treated with Osteo Articular Transfer System alone, 13 patients with ARCO IIC, III and IV were treated with OATS and morselized bone allograft. Hip survival in OATS group was 85.71% after 4 years (one conversion to THR) and 61.54% in OATS/allograft group after 3 years (five conversions to THR). Cartilage regenerative techniques include a surgical dislocation of the hip anteriorly to access the osteochondral defect, thus, it is more invasive and surgically demanding. Very few cases have been reported with the above methods, and it has shown variable results; thus, it is very difficult to comment on the efficacy of these techniques.

Nonvascularized bone graft {#sec2-11}
--------------------------

Nonvascularized bone-grafts (usually tibial autograft and fibular autograft or allograft) are used to support subchondral bone and articular cartilage after removal of the necrotic lesion from the femoral head. The osteoconductive and osteoinductive properties of bone-graft help in healing of the osteonecrotic lesion. This modality of treatment has been reported to be successful in precollapse, and early postcollapse (\<2 mm collapse) ONFH when the articular cartilage is relatively undamaged. The surgeons commonly adopt this procedure in Ficat stage I and II ONFH when CD fails.[@ref32] Three methods of bone-grafting technique have been described: Phemister technique (grafting through CD track), trap door (grafting through a window created in the femoral head) and light bulb procedure (grafting through a window created in femoral neck or femoral neck-head junction). Although these modalities of treatment is rarely been used now a days as an isolated procedure, many researchers now use these techniques in combination with growth factors and various bone-graft substitutes.[@ref32] The position of bone-graft within the necrotic lesion or at the transition zone between necrotic lesion and normal bone has not shown any difference in the outcome, but the type of graft (tibail autograft is better than fibular graft) has a definite impact on the outcome.[@ref91][@ref92][@ref93][@ref94][@ref95][@ref96][@ref97] Still though, the findings of finite-element analyses recommend the graft to be placed as close as possible to the subchondral bone, and in the lateral part of head.[@ref98]

Many studies have reported encouraging results with the use of nonvascularized bone-graft (70-90% excellent result at 2-7 years followup)[@ref98][@ref99][@ref100][@ref101][@ref102][@ref103][@ref104] but few studies have shown a high rate of radiological progression (Nelson and Clark,[@ref105] Dun and Grow.[@ref106]). Seyler *et al*.[@ref90] reported 83% survivorship in stage I and II ON and 78% survivorship at a minimum follow up of 2 years in 39 hips using the light bulb procedure. In a retrospective study (80 hips in 65 patients), Keizer *et al*.[@ref97] used tibial autograft and fibular allograft in 18 and 62 patients of ONFH respectively. Of the 78 hips available for evaluation, 42 patients (54%) had clinical failure (secondary surgery or a poor Merle d'Aubigné and Postel score (\<8 points) at a mean of 4.5 years. Kaplan--Meier survivorship analysis with clinical and radiological end-point showed a mean survival rate of 55% at 5 years and a mean of 33% at 10 years. Survivorship analysis with revision surgery as an end-point showed a mean survival rate of 66% (95% confidence interval \[CI\], 55-77) at 5 years and of 52% (95% CI, 39-65) at 10 years. When survivorship analysis was stratified according to Ficat stage, it showed a mean survival rate of 83% for stage 0, 0% for stage I, 80% for stage IIA, 63% for stage IIB, 54% for stage III and 56% for stage IV at 5 years. On comparative evaluation, tibial autograft showed a significantly better survival than fibular graft (*P* = 0.002). At 6 year followup, the survival rate for tibial graft was 75% (95% CI, 54-96) compared to fibular allograft which showed a mean survival rate of 42% (95% CI, 30-55).

The effect of autologous nonvasculairized fibular graft in combination with BMP-7 was evaluated by many investigators.[@ref88][@ref89][@ref107] Use of cancellous chips admixed with BMP-7 during nonvascularized grafting via a trapdoor technique avoided the need for the secondary procedure in 80% of stage II and III ONFH.[@ref76][@ref77] Papanagiotou *et al*.[@ref107] in a recent study treated 7 hips which were in precollapsed stage (5 Steinberg stage II and 2 Steinberg stage III). Five hips maintained the sphericity of head and two failed (needed THR) after an average followup of 4 years (2-5.5 years). The author observed a marked improvement of function (mean HHS increase of 49.2) and decrease of pain level (mean VAS decrease of 5) in these five hips.

Porous tantalum implant {#sec2-12}
-----------------------

Porous tantalum implants provide structural support like that of bone-graft and avoid the risks of infectious complications and donor site morbidity as reported with the use of allograft and autograft respectively. These rods are highly porous (\>80% volume) and thus allow secure and rapid bone growth.[@ref108][@ref109][@ref110][@ref111][@ref112][@ref113][@ref114] With the addition of bone marrow, growth factors, or bisphosphonates, the efficacy of porous tantalum rod can be further imporved.[@ref111][@ref112]

Veillette *et al*.,[@ref108] prospectively evaluated 54 patients (60 hips) in whom ONFH was treated with CD and insertion of a porous tantalum rod. At the mean followup of 24 months, 15.5% (*n* = 9 patients) of patients needed THA. The overall survival rates were 91.8% at 12 months, 81.7% at 24 months, and 68.1% at 48 months. The absence of chronic systemic diseases resulted in a survival rate of 92% at 48 months. Varitimidis *et al*.[@ref115] prospectively evaluated 27 patients who were treated with tantalum rod in nontraumatic ONFH. At the mean followup of 38 months (15-71 months), 13 of 26 hips remained at the same radiographic stage, and 13 deteriorated. Mean HHS improved from 49 to 85, 6 patients needed THA. Survivorship, with conversation to THA, was 70% at 6 years. The authors concluded that tantalum rod implantation is a safe "buy-time" technique, especially when other joint salvage procedures are not an option. But he stressed on careful patient selection (early-stage disease) and careful rod insertion for favorable results.

Tsao *et al*.[@ref113] reported early clinical results of these implants and observed better survival rates (92% at 48 months) than hips treated with CD and VFG. Shuler *et al*.[@ref109] reported a survival rate of 86% after 39 months after insertion of the tantalum implant, and 6 weeks protected weight-bearing. Nadeau *et al*.[@ref116] reported a survival rate of 78% after 12 months and overall success rate of 45%. The reason behind less success rate is because of inclusion of patients with advanced collapse. Tanzer *et al*.[@ref112] reported the results of a retrieval analysis of 15 clinically failed porous tantalum implants that were associated with little bone ingrowth and insufficient mechanical support of subchondral bone. Floerkemeier *et al*.[@ref110] reported 44% survival after implantation of a tantalum rod in ONFH (19 patients with 23 hips) at mean followup of 1.45 years. Thirteen hips needed THA. The authors concluded that treatment of the early-stage of ONFH with CD combined with the implantation of an osteonecrosis intervention rod seems to be no better and no worse than simple CD. Furthermore, the procedure is associated with increased costs and a prolonged operation time. However, the author did not notice any difficulty in removing implant while converting to THR as warned by many surgeons before in their reports. At this stage, porous tantalum rod cannot be considered as a standard mode of treatment in ONFH.

Vascularized bone graft {#sec2-13}
-----------------------

Vascularized bone-grafting is a recommended modality of treatment for early ONFH (Ficat stage I to III).[@ref117][@ref118][@ref119][@ref120][@ref121][@ref122] The graft provides a viable structural support (eg., vascularized iliac crest graft, vascularized fibula graft) and prevents joint collapse [Figure 4](#F4){ref-type="fig"}.[@ref117][@ref118][@ref119][@ref120][@ref121][@ref122][@ref123][@ref124][@ref125] As the vascularity is preserved, and the graft has inherent osteogenic potential, it augments bony healing in the necrotic lesion site. However, the outcome is less rewarding in large lesions where the involvement is more than 50% of the femoral head, and the collapse is more than 2 mm. Patients with a history of smoking, alcoholism, peripheral vascular disease or other risk factors should not be considered for the procedure. The major demerit of this technique is its surgical complexity and increased surgical duration.[@ref117][@ref118][@ref119][@ref120][@ref121][@ref122][@ref123][@ref124][@ref125]

![(a) X-ray (R) hip joint anteroposterior view showing advanced stage osteonecrosis of hip treated with vascularized fibular graft, (b) X-ray pelvis both hip joints anteroposterior view (b) after 11 years showing the lesion has healed and femoral head has maintained the sphericity](IJOrtho-49-28-g008){#F4}

Muscle pedicle bone graft {#sec2-14}
-------------------------

Meyers (1978) 117 first reported the application of muscle pedicle bone-graft for treatment of ONFH. They observed good result in all patients with Stage I and II disease but only in 33% patients in advanced disease (Ficat III and IV disease) at 6 months to 2 years followup. Lee and Rehmatullah[@ref118] reported 70% success rate with muscle pedicle bone-graft in idiopathic ONFH. Baksi (1991)[@ref119] reported the outcome of 68 hips (61 patients) treated with many types of muscle pedicle bone-graft at 3-12 years (mean, 7 years) followup. Of the several types of muscle pedicle bone-grafts used, the tensor fascia lata anteriorly, and the quadrates femoris posteriorly were preferred. About 83% patients had good or excellent results.

Vascularized Iliac crest graft {#sec2-15}
------------------------------

The method described is recommended for treatment in the Ficat stage II and early-stage III, when necrosis does not yet involve the complete femoral head. Iwato *et al*.[@ref120] observed 74% success rate (17 of 23 hips) with vascularized iliac crest graft use in ONFH. Most of the patients had no femoral head collapse preoperatively, but more than 50% progressed to radiographic collapse at a mean followup of 3 years. Eisenschenk *et al*.[@ref126] reported stable disease after 5 years followup in 56% of ONFH patients treated with iliac crest graft perfused by the circumflexed ilium profunda artery. Matsusaki *et al*.,[@ref121] used vascularized pedicle iliac bone-graft combined with trans-trochanteric anterior rotational osteotomy in patients with extensive necrosis in whom the necrotic area occupied more than two-thirds of the weight-bearing zone of the femoral head. There was significant clinical improvement and no disease progression in 12 of 17 hips (71%) after mean followup of 50.7 months. They concluded that vascularized pedicle iliac bone-graft combined with trans-trochanteric anterior rotational osteotomy to treat AVN of the femoral head is promising for joint preservation. In a retrospective study, Babhulkar[@ref127] reported only one progression to collapse (treated with THR) in 31 patients after treatment with CD and iliac crest with deep circumflex iliac vessels. He included patient with nontraumatic ONFH in ARCO stage IIB and IIIC only and followed them up till 5-8 years.

Vascularized fibular graft {#sec2-16}
--------------------------

Fang *et al*.[@ref128] reviewed six articles on vascularized fibular graft (VFG) used as a treatment of ONFH published between January 1980 and April 2012. In this meta-analysis of six studies (*n* = 984 patients), there were 122 conversions to THA (16.5%) from 740 patients who were treated with VFG. In the remaining 244 patients treated with other methods (CD, non-VFG, and vascularized iliac graft), there were 104 conversions to THA (42.6%). VFG can achieve lower conversion rate than the other three methods (odd ratio \[OR\] 0.19; 95% CI, 0.13-0.28; *P* = 0.001; I2 = 24%). Among patients evaluated with radiographs for progression to collapse in 3 of these studies (*n* = 122 patients), a total of 14 of 84 (16.7%) hips treated with VFG collapsed, and a total of 56 of 88 (63.6%) hips treated with non-VFG collapsed. The result favored vascularized grafting more than nonvascularized grafting (OR, 0.09; 95% CI, 0.01-0.57; *P* \< 0.05). In precollapse phase (steinerg I and II), VFG had got a better hip salvage than other three methods (CD, N-VFG, vascularized iliac grafting). Among the 270 hips, a total of 16 of 163 (9.8%) hips treated with VFG failed, and a total of 43 of 107 (40.2%) hips treated with non-VFG failed (OR, 0.17; 95% CI, 0.09-0.33; *P* = 0.001; I2 = 5%). In precollapse and early postcollapse phase (Steinberg II and III) 116 of 705 (16.5%) hips treated with VFG failed, total of 83 of 194 (42.8%) hips treated with non-VFG failed (OR, 0.17; 95% CI, 0.11-0.26; *P* \< 0.001). A total of 30 complications (23.8%) were reported in 126 VFG treated patients and 13 complications (8.9%) in 146 patients treated with CD, non-VFG, and vascularized iliac graft (*n* = 272 total patients followed, *P* = 0.01). However, in the weighted test for overall effect, this difference does not reach significance (OR, 3.44; 95% CI, 0.81-14.62; *P* = 0.09).

Urbaniak *et al*.[@ref129] in their study of 103 hips treated with vascularized fibula grafting, reported 91% survivorship in stage II and 77% survivorship in stage III at a final followup of 5 years. Yoo *et al*.[@ref128] also reported excellent results, with 89% survivorship in 124 hips in stage II and III at a minimum of 10 years' followup (mean, 13.9 years; range, 10-23.7 years). Eward *et al*.[@ref130] recently reported the long term followup data (mean, 14.4 years; 10.5-26 years) on 65 hips with precollapse-stage ON treated with vascularized fibula grafting; 75% of the hips survived without the need for THA at a minimum 10 year followup. The investigators noted that demographic and radiographic factors were not associated with changes in graft survivorship.

Proximal femoral osteotomy {#sec2-17}
--------------------------

The underlying principle behind proximal femoral osteotomies in ONFH is to rotate the necrotic femur head away from the load-bearing area and replace it with the uninvolved healthy portion of the head. It also reduces the intraosseus venous pressure and improves vascularity. There are mainly two types of osteotomy described: Trans-trochanteric rotational osteotomy and intertrochanteric varus or valgus osteotomy (combined with flexion or extension). The success rates of these osteotomies have been reported between 70% and 93%.[@ref15][@ref32][@ref131][@ref132][@ref133][@ref134][@ref135]

Jacobs *et al*.[@ref136] had 73% success rate at 5.3 years followup after intertrochanteric osteotomy in ONFH. Maistrelli *et al*.,[@ref137] reported satisfactory results in 71% of ON hips after 2 years of intertrochanteric varus or valgus osteotomy and it dropped to 58% at 8.2 years. After 10.2 years followup, Gallinaro and Masse[@ref138] observed success rate in 62.5% of cases after flexion osteotomy. Flexion valgus osteotomy with autogenous bone-grafting has shown a survival rate of 87% without replacement arthroplasty 10 years after operation.[@ref139]

The success rate of rotational osteotomy has been described in 78% of patients after 3-16 years followup.[@ref136] Zhao *et al*.,[@ref140] in their study of 73 hips at a mean followup of 12.4 years (range, 5-31 years), reported that 91.8% (67 of 73 hips) of the hips remained intact and did not need conversion to a THA following curved trans-trochanteric varus osteotomy. There was a significant improvement in HHS after surgery, and the mean postoperative intact ratio was 57.2% (range, 27-100%). To prevent progressive collapse they reported that the cutoff for the postoperative intact ratio was 33.6% (sensitivity, 82.9% and specificity, 100%; *P* =0.001). Moreover, to prevent collapse and joint space narrowing, the cutoff intact ratio was reported to be 41.9% (sensitivity, 88.9%; specificity, 92.1%; *P* =0.001). Sakano *et al*.[@ref141] similarly reported that, in their series of 20 hips, 90% (18 hips) did not collapse or require conversion to a THA following trans-trochanteric varus osteotomy at a mean followup of 4 years (range, 0.7-4.1 years). The mean postoperative intact ratio was 61%, and the reported mean elevation of the greater trochanteric was 1.2 cm (range, 0.5-2 cm). Ito and colleagues recently reported the longterm results of varus half wedge osteotomy in 34 hips at a mean followup of 18.1 years (range, 10.5-26 years). Overall, 74% (25 hips) had satisfactory results with a mean HHS of more than 80 points despite having a mean limb length discrepancy of 19 mm (range, 8-36 mm). The investigators concluded that the varus osteotomy of the proximal femur provides favorable longterm outcomes in the presence of more than one-third of normal superolateral bone.

The major point against limited acceptance for the above osteotomy technique is because of its technical complexity. All these articles are from single surgeon\'s series and are of level IV evidence. The technique has never been compared to any other method of treatment and hence it is difficult to establish the superiority of this technique to other methods described. Osteotomies are best suited to patients not being treated with longterm steroids, with minimal osteoarthritic changes, with no loss of joint space or acetabular involvement and small combined necrotic angle (Kerboul\'s angle \<200).[@ref15][@ref32]

Arthroplasty {#sec2-18}
------------

Patients with ONFH may need THR when all other modalities of treatment have failed, or joint is arthritic secondary to advanced collapse (more than 2 mm). THR is considered as a last resort of treatment because ONFH victims are usually young adults whose functional demands are high and also, there is a high possibility of the need of revision arthroplasty in such patients. Polyethylene wear and osteolysis leading to aseptic loosening are major concerns. Literature has reported 8-37% of aspectic loosening following THR in ONFH.[@ref32] With the introduction of third generation ceramic bearings, porous materials and high cross-linked polyethylene, the survivorship of THR has increased.[@ref142]

Bipolar arthroplasty is no more an acceptable treatment option for ONFH. Young patients, high incidence of protrusion acetabuli, increased rate of loosening and better THR bearings are major reasons for its unacceptability. Revision rate ranging from 13.9% to 27.6% have been reported with bipolar hemiarthroplasty in ONFH after average followup of more than 5 years.[@ref142][@ref143][@ref144][@ref145][@ref146]

Limited femoral resurfacing arthroplast is also a treatment option in ONFH patients with Ficat and Arlet Stage-III disease, a combined necrotic angle of \>200° or \>30% involvement, femoral head collapse of \>2 mm, and no evidence of damage to the acetabular cartilage.[@ref15][@ref32] Although it had shown satisfactory results for up to 10 years, a few recent studies has shown less predictable outcomes of these procedures with overall hip survivorship reaching 75.9% at 3 years.[@ref147] In another study by Cucklere *et al*. 31% failure was noted in a mean followup of 4.5 years (18 failure of 59 hips).[@ref148]

Better implant designs have improved the outcome of THR in ONFH. In a systematic review of 67 studies (3277 THR in 2593 patients) Johannson *et al*.[@ref149] reported mean survivorship of 97% at 6 years followup in patients operated after 1990. Stratification of the patients as per their associated risk factors demonstrated higher revision rate in sickle cells disease, Gaucher disease and end-stage kidney disease or transplant patients. The revision rate was lower in patients with SLE, idiopathic or after heart transplant. With the poly on poly bearings (*n* = 172 THR), Min *et al*.[@ref150] reported 100% survivorship at 7.2 years followup. In a study by Kim *et al*.,[@ref151] ceramic head on polyethylene bearing has shown 100% survivorship (excluding infection) at an average 8.5 years followup. Furthermore, when literature was analyzed to search for the component which commonly fails, cup wear or loosening was found to be more common then stem loosening. Kim *et al*.[@ref151] (*n* = 148 THRs), reported 98% stem survivorship (cemented and cementless) but only 85% cementless cup survivorship after 17.3 years. Issa *et al*. have expected a still better survivorship with the introduction of tantalum or titanium porous acetabular cup recently.[@ref142]

The surgeons sometimes expect difficulty in performing a THR in ONFH. Previous surgery with altered hip biomechanics, presence of hardware, bone/fibula grafts, screw track, scar and fibrosis around hip may evoke potential problem. However, many studies have reported that the medium term result of THR is not affected by previous surgery in ONFH.[@ref152][@ref153][@ref154][@ref155][@ref156] Helbig *et al*.[@ref157] demonstrated no complications or component loosening, at a mean followup of 54 months in the series of 15 hips, that were converted to THR after they had previous CD. In a study of 15 failed trans-trochanteric rotational osteotomies that were converted to THR, Kawasaki *et al*.[@ref152] reported no significant differences in implant survivorship, stability, or HHS compared with a matching group of 16 hips that had only undergone a primary THR at a mean followup of 5 years. Ball, Le Duff, and Amstutz compared 21 failed hip resurfacings that were converted to a standard THR, with 64 standard THRs (both cohorts included osteonecrosis patients), and reported no differences in aseptic loosening, dislocations, HHS or complications between the two groups.[@ref155] Issa *et al*.[@ref158] evaluated 92 hips in 87 patients who had failed prior hip preserving surgery (35 hips that had previous resurfacing, 9 hips that had a hemi-resurfacing, 29 hips that had a nonvascularized bone-grafting, and 19 that had a CD). These patients were compared with 121 hips in 105 osteonecrosis patients who underwent THR and had no prior surgical interventions. At a mean followup of 75 months, they reported no significant differences in survivorship, clinical, and radiological outcomes among the groups.

As described earlier, patients who have sickle cell disease, Gaucher disease, or end-stage kidney failure and/or posttransplantation have been reported to be at an increased risk for revision following THA. However, even in these high-risk groups, outcomes of THR have improved over time.[@ref142][@ref159] Issa *et al*.[@ref160] evaluated 42 THRs for osteonecrosis in 32 sickle cell patients who had a mean age of 37 years compared with 102 THRs in 87 nonsickle cell osteonecrosis patients who had a mean age of 43 years. At a mean followup of 7 years (3-10.5), they reported no significant differences in aseptic implant survivorship (95% vs. 97%), HHS (87 vs. 88), and SF-36 physical (43 vs. 44) or mental component scores (59 vs. 58) between the two patient cohorts respectively. Marulanda *et al*.[@ref161] compared the outcomes of two types of peri-operative management (conservative or aggressive protocols) in three patients who had sickle cell anemia and had undergone 31 separate orthopedic surgeries for ONFH. In the conservative protocol, patients received packed red blood cells preoperatively to increase the hemoglobin level to a minimum of 10 g/dL. Fresh frozen plasma or packed red blood cells were given only when excessive bleeding occurred intraoperatively. In the aggressive protocol, patients received preoperative packed red blood cells with the goal of keeping hemoglobin levels between 9 g/dL and 11 g/dL, and of lowering the hemoglobin S levels to \<30%. Fresh frozen plasma was given when patients' Factor VII levels were less than 30%. They reported although both protocols were safe in managing these patients, the most aggressive protocol had resulted in lower rates of postoperative complications, transfusions, and the need to resort to supplementary oxygen.

Chang *et al*.[@ref162] evaluated 74 hips in 52 patients who underwent THR for ONFH after kidney transplantation with cementless THRs. They reported 96.6% cumulative implant survivorship at a mean followup of 10.2 years, which is comparable with survivorship due to other causes of THR. In the light of these findings, the outcomes of THR even in these high-risk patients are improving, potentially due to improved medical and surgical management, as well as the use of modern prosthetic designs, including cementless acetabular and femoral fixation.

C[ONCLUSION]{.smallcaps} {#sec1-4}
========================

Symptomatic hip osteonecrosis is a disabling condition with poorly understood etiology and pathogenesis. Numerous treatment options for hip osteonecrosis have been described including nonoperative modalities, joint preserving procedures, and THR. Nonoperative or joint preserving treatment may improve outcomes when an early diagnosis is made before the lesion has become too large, or there is radiographic evidence of femoral head collapse. The presence of a crescent sign, femoral head flattening, and acetabular involvement indicate a more advanced-stage disease in which joint preserving options are less effective than THR. The algorithm of ONFH management as presented is an effective treatment strategy which is practically feasible and based on sound evidence \[[Figure 5](#F5){ref-type="fig"}\].

![An algorithm of ONFH management](IJOrtho-49-28-g009){#F5}
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